Key indicators: single-crystal X-ray study; T = 294 K; mean (C-C) = 0.002 Å; disorder in main residue; R factor = 0.045; wR factor = 0.062; data-to-parameter ratio = 21.5.
Related literature
Phenylation of endo-4, endo-8-dimethylbicyclo[3.3.1]nonane-2,6-dione (Kim et al., 2002) occurs selectively on the exo-faces of the V-shaped molecule to yield the title compound. The related 2,6-dimethyl-substituted compound (Nguyen et al., 2001b) crystallizes with a hydrogen-bonded ladder structure (Nguyen et al., 2001a) that is very different to the pattern reported here.
Experimental
Crystal data C 23 H 28 O 2 M r = 336.5 Monoclinic, C2=c a = 18.462 (4) Å b = 13.310 (1) Å c = 14.824 (3) Å = 92.92 (1) V = 3638 (1) Å 3 Z = 8 Cu K radiation = 0.59 mm À1 T = 294 K 0.30 Â 0.15 Â 0.12 mm
Data collection
Enraf-Nonius CAD-4 diffractometer Absorption correction: none 3585 measured reflections 3442 independent reflections 2292 reflections with I > 2(I) R int = 0.034 1 standard reflections frequency: 30 min intensity decay: 4% Refinement R[F 2 > 2(F 2 )] = 0.045 wR(F 2 ) = 0.062 S = 1.59 3442 reflections 160 parameters H-atom parameters not refined Á max = 0.31 e Å À3 Á min = À0.34 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1 2 ; Ày þ 1 2 ; Àz; (ii) Àx þ 1 2 ; y À 1 2 ; Àz þ 1 2 ; (iii) Àx þ 1 2 ; y þ 1 2 ; Àz þ 1 2 .
Data collection: CAD-4 Manual (Schagen et al., 1989) ; cell refinement: CAD-4 Manual; data reduction: local program; program(s) used to solve structure: SIR92 (Altomare et al., 1994); program(s) used to refine structure: RAELS (Rae, 2000); molecular graphics: ORTEP-3 (Farrugia, 1997) and CrystalMaker (Crystal-Maker, 2005) ; software used to prepare material for publication: local programs.
(1R*,2R*,4S*,5R*,6R*,8S*)-4,8-Dimethyl-2,6-diphenylbicyclo[3.3.1]nonane-2,6-diol V. T. Nguyen, R. Bishop, D. C. Craig and M. L. Scudder Comment Molecules ( Fig. 1 ) are linked by a centrosymmetric triplet of hydrogen bonds utilizing one hydroxy group from each of four molecules ( Table 1) . The other hydroxy group of each of these molecules participates in an identical hydogen bonding unit, leading to a layer structure in the bc plane (Fig. 2) . The hydrogen bonding in this compound is somewhat unusual in that hydroxy group, O1, participates in two hydrogen bonds, whereas O2 only participates in one. The majority of the alicyclic diols studied by us (Kim et al., 2002) have one donor and one acceptor hydrogen bond for each hydroxy group.
The pendant phenyl rings do not participate in the common aromatic offset face-to-face interaction in the crystal structure. Instead, one phenyl ring (C10→C15) is the acceptor of two C methyl -H···π interactions, one to each surface of the ring (C16-H···π, C23-H···π with shortest H···C distances of 3.97 and 3.82 Å, respectively). The second phenyl ring (C17→C22) takes part in a C methylene -H···π interaction on one surface (C3-H···π with a shortest H···C distance of 3.60 Å). Its second surface is the acceptor of an edge-to-face interaction utilizing the edge of the C10→C15 ring and creating a centrosymmetric dimer between layers ( Fig. 3) . (m, 4H). X-ray quality crystals were obtained from tetrahydrofuran solution.
Refinement
The hydrogen atoms on the hydroxy groups are disordered over two sites of equal occupancy. This is a requirement of the centrosymmetric hydrogen bonding arrangement found in the lattice. The hydroxy hydrogen atoms were located on a difference map, and were then fixed at a position along the OH vector with O-H = 1.0 Å. Hydrogen atoms attached to C were included at calculated positions (C-H = 1.0 Å). All hydrogen atoms were refined with isotropic thermal parameters equivalent to those of the atom to which they were bonded. Fig. 1 . Molecular structure of the compound, with ellipsoids drawn at 50% probability level. Only one of the two disordered hydrogen positions is shown for each hydroxy group. Atomic displacement parameters (Å 2 )
Figures
0.0467 (7) 0.0394 (7) 0.0538 (8) −0.0053 (6) 0.0064 (6) 0.0009 (6) O2 0.079 (1) 0.0515 (8) 0.0364 (7) 0.0074 (7) 0.0167 (6) −0.0026 (6) C1 0.0390 (9) 0.0344 (9) 0.0321 (9) 0.0031 (7) 0.0066 (7) 0.0017 (7) C2 0.0421 (9) 0.0350 (9) 0.0347 (9) 0.0021 (7) 0.0049 (7) 0.0004 (7) (7) 0.0029 (8) C9 0.0383 (9) 0.041 (1) 0.041 (1) 0.0027 (8) 0.0072 (7) −0.0030 (8) C10 0.0461 (6) 0.0363 (7) 0.0374 (6) 0.0049 (5) −0.0017 (5) −0.0050 (5) C11 0.0687 (7) 0.0782 (9) 0.0472 (7) 0.0294 (7) 0.0144 (6) 0.0092 (5) C12 0.0726 (8) 0.096 (1) 0.0541 (8) 0.0348 (8) 0.0148 (7) −0.0006 (7) C13 0.0570 (7) 0.0582 (9) 0.069 (1) 0.0159 (7) 0.0054 (6) −0.0150 (7) C14 0.0783 (9) 0.0679 (9) 0.090 (1) 0.0373 (8) (2) C18-HC18 1.000 C5-C9 1.535 (2) C19-C20 1.369 (1) C5-HC5 1.000 C19-HC19 1.000 C6-C7 1.532 (2) C20-C21 1.369 (1) C6-C17 1.534 (2) C20-HC20 1.000 C7-C8 1.532 (2) C21-C22 1.389 (1) C7-H1C7 1.000 C21-HC21 1.000 C7-H2C7 1.000 C22-HC22 1.000 C8-C23 1.530 (2) C23-H1C23 1.000 C8-HC8 1.000 C23-H2C23 1.000 C9-H1C9 1.000 C23-H3C23 1.000 C2-O1-H1O1 110.4 C1-C9-C5 109.8 (1) C2-O1-H1'O1 111.8 C1-C9-H1C9 109.4 H1O1-O1-H1'O1 128.5 C1-C9-H2C9 109.4 C6-O2-H1O2 119.3 C5-C9-H1C9 109.4 C6-O2-H1'O2 111.1 C5-C9-H2C9 109.4 H1O2-O2-H1'O2 109.2 H1C9-C9-H2C9 109.5 C2-C1-C8 119.5 (1) C2-C10-C11 122.0 (1) C2-C1-C9 109.0 (1) C2-C10-C15 120.6 (1) C2-C1-HC1 107.0 C11-C10-C15 117.2 (1) C8-C1-C9 106.6 (1) C10-C11-C12 121.3 (1) C8-C1-HC1 107.0 C10-C11-HC11 119.3 C9-C1-HC1 107.0 C12-C11-HC11 119.3 O1-C2-C1 110.6 (1) C11-C12-C13 120.9 (1) O1-C2-C3 106.9 (1) C11-C12-HC12 119.6 O1-C2-C10 105.4 (1) C13-C12-HC12 119.6 C1-C2-C3 109.7 (1) C12-C13-C14 118.5 (1) 
109.0 (1) C19-C20-HC20 120.8 C7-C6-C17 113.6 (1) C21-C20-HC20 120.8 C6-C7-C8 116.4 (1) C20-C21-C22 120.9 (1) C6-C7-H1C7 107.7 C20-C21-HC21 119.6 C6-C7-H2C7 107.7 C22-C21-HC21 119.6 C8-C7-H1C7 107.7 C17-C22-C21 121.3 (1) C8-C7-H2C7 107.7 C17-C22-HC22 119.3 H1C7-C7-H2C7 109.5 C21-C22-HC22 119.3 C1-C8-C7 114.7 (1) C8-C23-H1C23 109.5 C1-C8-C23 116.3 (1) C8-C23-H2C23 109.5 C1-C8-HC8 104.8 C8-C23-H3C23 109.5 C7-C8-C23 110.0 (2) H1C23-C23-H2C23 109.5 C7-C8-HC8 104.8 H1C23-C23-H3C23 109.5 C23-C8-HC8 104.8 H2C23-C23-H3C23 109.5
80.5 C6-C5-C9-H2C9 171.9 H1O2-O2-C6-C5 146.9 HC5-C5-C9-C1 176.7 H1O2-O2-C6-C7 −92.1 HC5-C5-C9-H1C9 −63.2 H1O2-O2-C6-C17 29.8 HC5-C5-C9-H2C9 56.7 H1'O2-O2-C6-C5 −84.8 O2-C6-C7-C8 −162.2 (1) H1'O2-O2-C6-C7 36.2 O2-C6-C7-H1C7 76.8 supplementary materials sup-7 H1'O2-O2-C6-C17 158.1 O2-C6-C7-H2C7 −41.2 C8-C1-C2-O1 52.7 (2) C5-C6-C7-C8 −42.4 (2) C8-C1-C2-C3 −64.9 (2) C5-C6-C7-H1C7 −163.4 C8-C1-C2-C10 169.3 (1) C5-C6-C7-H2C7 78.6 C9-C1-C2-O1 175.5 (1) C17-C6-C7-C8 81.0 (2) C9-C1-C2-C3 57.9 (2)
179.1 C7-C8-C23-H1C23 −180.0 HC1-C1-C9-H1C9 59.0 C7-C8-C23-H2C23 −60.0 HC1-C1-C9-H2C9 −60.9 C7-C8-C23-H3C23 60.0 O1-C2-C3-C4 −171.2 (1) HC8-C8-C23-H1C23 67.8 O1-C2-C3-H1C3 68.1 HC8-C8-C23-H2C23 −172.2 O1-C2-C3-H2C3 −50.6 HC8-C8-C23-H3C23 −52.2 C1-C2-C3-C4 −51.4 (2) C2-C10-C11-C12 −174.8 (1) C1-C2-C3-H1C3 −172.0 C2-C10-C11-HC11 5.2 C1-C2-C3-H2C3 69.3 C15-C10-C11-C12 0.0 (0) C10-C2-C3-C4 73.3 (2) C15-C10-C11-HC11 180.0 C10-C2-C3-H1C3 −47.4 C2-C10-C15-C14 174.9 (1) C10-C2-C3-H2C3 −166.1 C2-C10-C15-HC15 −5.1 O1-C2-C10-C11 90.9 (1) C11-C10-C15-C14 0.0 (0) O1-C2-C10-C15 −83.7 (1) C11-C10-C15-HC15 180.0 C1-C2-C10-C11 −28.9 (2) C10i-C11i-C12i-C13i 0.0 (0) C1-C2-C10-C15 156.5 (1) C10i-C11i-C12i-HC12i −180.0 C3-C2-C10-C11 −152.7 (1) HC11i-C11i-C12i-C13i 180.0 C3-C2-C10-C15 32.6 (2) HC11i-C11i-C12i-HC12i 0.0 C2-C3-C4-C5 50.8 (2) C11i-C12i-C13i-C14i 0.0 (0) C2-C3-C4-C16 −176.2 (2) C11i-C12i-C13i-HC13i 180.0 C2-C3-C4-HC4 −63.2 HC12i-C12i-C13i-C14i 180.0 H1C3-C3-C4-C5 171.4 HC12i-C12i-C13i-HC13i 0.0 H1C3-C3-C4-C16 −55.6 C12i-C13i-C14i-C15i 0.0 (0) H1C3-C3-C4-HC4 57.4 C12i-C13i-C14i-HC14i 180.0
Hydrogen-bond geometry (Å, °) Symmetry codes: (i) −x+1/2, −y+1/2, −z; (ii) −x+1/2, y−1/2, −z+1/2; (iii) −x+1/2, y+1/2, −z+1/2. supplementary materials sup-9 
